Čičo P., Kalincová D., Kotus M., 2011. Influence of welding method on microstructural creation of welded joints. Res. Agr. Eng., 57 (Special Issue): S50-S56. This paper is focused on the analysis of the welding technology influence on the microstructure production and quality of the welded joint. Steel of class STN 41 1375 was selected for the experiment, the samples were welded by arc welding including two methods: a manual one by coated electrode and gas metal arc welding method. Macro and microstructural analyses of the experimental welded joints confirmed that the welding parameters affected the welded joint structure in terms of the grain size and character of the structural phase. Welding is a production technology of non-demountable joints of two materials, whose principal mechanical or structural attributes succumb to the changes of the temperature influence from molten weld metal. The welded joint becomes heterogeneous part of the construction. Manufacturing degradation is brought into the parent material by welding; therefore, the individual welded joints have to be controlled by the standard STN EN ISO 15614-1 (2005) for the proposal of the welding way and parameters.
Welding is a production technology of non-demountable joints of two materials, whose principal mechanical or structural attributes succumb to the changes of the temperature influence from molten weld metal. The welded joint becomes heterogeneous part of the construction. Manufacturing degradation is brought into the parent material by welding; therefore, the individual welded joints have to be controlled by the standard STN EN ISO 15614-1 (2005) for the proposal of the welding way and parameters.
The tests of the joint welding, following this standard, are divided into non-destructive and destructive. The integrity, mechanical properties, and structure are mostly controlled. Every welding method is characterised by specific effects on the parent material in terms of the heat generated the welding process. The impact of the thermal changes resides in the changes of the properties in the welded joints zone. These depend on the chemical composition, material thickness, joint shape, welding conditions, but also on the physical characteristics of the welded materials (heat conduction, specific heat, etc.).
Heat input, heat field and heat cycle
Heat source causes changes of the joint materials temperature depending on the time and location in relation to the heat source in welding. The temperature distribution depending on time is called heat field. It can be calculated by means of differential equations of the heat conductance in solid bodies. Rosenthal (1946) and Rykalin (1957) suggested its calculation for point linear movement of the source by Eq. (1) of the heat conductance in solid state.
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( 1) where:
whre:
Thermal changes caused by electrical arc welding are characteristic by high speed of heating and cooling and the temperature gradient depending on the distance from the weld. The temperature changes of one spot of the welded joint depending on time characterise the heat cycle of the welding, that is the time change of temperature ( Fig. 1) (Brziak et al. 2003) . The structure formation of the welded joint significantly relates to the welding method selection because the given heat input increases proportionally with voltage and welding current which depend on the way of welding.
Different combinations of voltage and current (e.g. U = 24 V, I = 82 A) are used in manual electrical arc welding as compared to the welding method gas metal arc welding (GMAW) (e.g. U = 18-35 V, I = 120-380 A). There are also differences in the welding speed.
The thickness of the welded materials affects the speed of the weld cooling and also the transformational processes in austenitic structure of the heated heat affected zone (HAZ) of the parent material. Therefore, the final structure of the welded joint as a unit depends on whether the heat dissipation is two or three dimensional. The cooling speed of the welded sheet metal at two-dimensional heat dissipation (Fig. 2) depends on the thickness. The cooling speed at three-dimensional heat dissipation (Fig. 2) does not depend on the thickness of the sheet metal. The time of cooling t 8/5 , which is calculated by means of Uwer and Degenkolbe (1976) equation for the individual ways of welding, is very important within the structural formation in HAZ.
For example, for three-dimensional heat dissipation:
where: F 3 -factor of the weld shape
The boundary between two-dimensional and three-dimensional heat dissipation is formed by the so called transition thickness.
Structure of welded joint
Primary crystallisation of low-carbon and medium-carbon steel appears at a larger degree or a smaller degree peritecticly. The fact that secondary crystallisation can also develop in the dendrites and can get within the dendrites to boundary movement immediately after their formation leads to connections, which are not observable at the first sight. The structure of HAZ welded steel connects to phase balance in system Fe-Fe 3 C. Fig. 3 illustrates the scheme of the heat field created in the joint vicinity at welding. Significant heat intervals 1-7 effective for lowcarbon steel are derived from Fe-Fe 3 C diagram. According to the initiate scheme for low-carbon steel welding, the following zones are distinguished in the heat impacted area (Štifner 2004) :
Weld metal -its structure formats by cooling of the melt at a temperature of about 1,500°C, crystals of columnar type are formatted preferentially in the ) 800
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line of the heat dissipation. The welded metal has the structure of cast steel. 1. Partial melting-down zone -is a sharp-edged boundary between the welded metal and overheat zone. Partial melting-down zone usually presents more significant Widmannstätten structure. 2. Overheat zone -corresponds to the overheated material up to temperatures of the solid (1,050°C). The overheated coarse-grained austenitic structure and coarse-grained ferrite-perlitic structure after recrystallization are formed in realisation of more dimensional joints in this zone. Ferrite is commonly disengaged along the boundaries of the initial austenitic grains Widmannstättenicly. 3. Normalisation zone -includes the zone of temperatures above A c3 max 100-150°C. Complete austenitic initial structure is formed in the zone of normalisation annealing and according to the speed of cooling, the final structure is formed: ferrite-perlitic structure at slow cooling, bainitic at accelerated cooling, bainitic-martensitic at quick cooling, and martensitic at very quick cooling. 4. Incomplete recrystallization zone -heating of the ultimate material between A c1 and A c3 in lowcarbon steel in the range of 725-900°C can cause very interesting changes of microstructure. Temperatures closely under A c1 create spheroidal perlite while those above A c1 cause in ferrite-perlitic steel the melting of perlite and subsequently also ferrite. Spheroidal perlite (in the case of a higher content of carbon and quick cooling hardening can occur in this zone) is formed by cooling. 5. Recrystallization zone -recrystallization can occur only on precondition that the welded material is in work hardening state. The zone of the heat recrystallization is in range from 500-725°C. Quantitative picture analysis of the welded joint structure (Martinkovič, Šugár 1994) could help with more detailed description of the phenomena that run the structure formation at welding. 6. Blue brittle zone -the temperature reaches up to 500°C. The heating of the parent material does not cause microscopic changes at the above mentioned temperature. However, significant sub-microscopic changes may occur. The object of the experiment is the comparison of the microstructure of welded joints manufactured by two welding methods.
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Characteristics of sample and filler materials
The welding of the samples was carried out by following the standard STN EN ISO 15614-1 (2005), which determines the welding procedure. The material of the samples was low-carbon, fine-grained steel of class STN 41 1375 STN 41 (1989 . Chemical composition and mechanical properties of the parent material are shown in Table 1 . The sample dimension were t = 8 mm, b = 350 mm, a = 150 mm.
The data presented in Tables 1-3 have been given by the producer. Sample no. 1 -welded by manual arc welding method: Filler material -basic electrode EB-121 (ESAB Slovakia, Bratislava, Slovakia) with the diameter of 2.5 mm. Its chemical composition is shown Table 3 . The wire is used for welding of the most common non-alloy and fine-grained structural steel with the yield strength limit of up to 380 MPa. It is suitable for the welding of constructions, pressure vessels, shipping components, and also parts from galvanised sheet metal. It allows welding by high-voltage current (spray transfer) and also by short arc in all positions. Welding parameters: U = 30 V, I = 220 A.
The drafts of the ample shape and location of sampling for the tests according to STN EN 15614-1 (2005) are illustrated in Fig. 4 .
reSultS AnD DISCuSSIon
Figs 5 and 6 illustrate the documented macrostructure of the monitored samples.
The boundary of the melting-down was not very noticeable; the root was overheated but the weld exceed was not sufficient in sample No. 1 (Fig. 5) . The boundary of the melting-down was sharper; the sample root was not overheated in sample No. 2 (Fig. 6) .
Figs 7 and 8 illustrate the documented microstructure of the welded metal sample.
The structure of sample No. 1 was more coarsegrained than that of sample No. 2. This was caused by acicular ferrite (AF), fine acicular ferrite (CAF) was bordered by more coarse ferrite at the boundaries of the initial austenitic grains, which grew along the heat dissipation (Figs 7 and 8) .
Figs 9 and 10 illustrate the comparison of the boundary zones of the samples melting-down.
The boundary of the sample No. 1 melting-down was not so noticeable as with sample No. 2. Table 2 . Chemical composition of electrode EB-121 (a) (b)
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Figs 11 and 12 illustrate the documented highheated zone affected after transformation.
The microstructure of this part of HAZ was formed by upper bainite (UB) and acicular ferrite (AF) along the boundary of austenitic grains after austenite disintegration, which had locally Widmannstättenic character. In sample No. 1, this zone was more coarse-grained than in sample No. 2. The roughness of austenitic grain in HAZ heated in the zone of high temperatures formats the more coarse structures after its transformation at cooling, which was noticed in lower values of the mechanical attributes, particularly ductility in this part of joint.
Figs 13 and 14 illustrate the documented zones affected by the heat closely above A c3 . The structure was more fine-grained than with high-heated HAZ, and was formed by acicular ferrite (AF, CAF) and lower bainit (LB).
Sample No. 1 shows also non-metallic inclusions.
Figs 15 and 16 show the comparison between the sample zones after heating at a temperature below A 1 , where the structural changes were not noticed to origin state (in comparison with the original state).
The structure of the parent sample material was fine-grained, ferrite-perlitic. The divergences in the grain size related to small inhomogeneity of the plate sheet metal, from which the samples were taken. The results of the structural analysis of micro-scratch pattern samples of welds made by manual electrical arc welding and GMAW method and the evaluation of macro-scratch pattern of welds correspond to the knowledge of the welding method used.
The amount of heat brought into the weld in the course of manual electrical arc welding is higher than that GMAW method. The welding speed in manual electrical arc welding is lower, therefore a greater volume of the weld metal, deeper penetration, a wider zone of the overheated material, and higher heat inertia of the heated material volume are noticed. Cooling is slower and that formats grain coarsening with the related mechanical attribute decrement of the material in the welding zone. From this point of view, we can assess GMAW method as positive. The range of HAZ is about 20% to 30% narrower with GMAW method by using optimal parameters of welding at manual electrical arc welding and GMAW. The boundary of melting-down at manual arc welding is not noticeable and geometric, which is caused by the character of the manual electrical arc welding, electrode diameter, and movement of the electrode spike, possibly due to electric arc blowing. In consideration of the controlled electric arc in GMAW method and better geometry in the process kinematics, the geometry of the weld bead is symmetrical, the welded metal bound, and the welds geometry univocally definable.
